Aqueous solutions of cetyltrimethylammonium bromide (CTAB) and sodium salicylate (NaSal) were made to flow through two-dimensional slots and a capillary, and pressure losses ∆P were measured under various conditions to investigate its flow properties. In the results with slot flow, the flow curves relating ∆P to the apparent elongational rate consisted of three characteristic regions. In the first region of low flow rate, the flow curve showed a gentle slope with the pressure loss increasing with elongational rate. In the second region of intermediate flow rate, ∆P increased sharply, which was thought to be caused by flow induced structure (FIS). In the third region of relatively high flow rate, the slope of the flow curve became gentle again. Here, it should be noted that ∆P in the third region was much higher than that in the first region; for example, the third region provides one order of magnitude larger ∆P than the first region for the concentration of CTAB ( 
INTRODUCTION
CTAB/NaSal aqueous solutions are known to form wormlike micelles and to induce flow induced structure (FIS) under some flow conditions. There have been many studies under shear flow fields using capillaries, vane bobs, and coneplates. [1] [2] [3] [4] [5] [6] [7] On the other hand, only a few investigations regarding elongational flow fields have been carried out.
Hashimoto et al. observed that the flow just upstream of the entrance of a capillary became cloudy in white and they concluded that FIS was induced by the entry flow where elongation is dominant. 8) Takahashi et al. indicated by observation that dynamic planar elongational flow was effective to induce FIS. 9) In these studies, however, pressure losses were not measured, and FIS in elongational flows has not been clarified quantitatively yet.
In the present study, we first measure mean pressure losses through a two-dimensional slot to investigate the rheological properties in elongational flow fields. Then, rheological properties in shear flow fields are clarified using capillaries for the purpose of comparison with the pressure loss of the elongational flow. Finally, the flow field is visualized using reflex powders and a laser light sheet in slot flows to investigate the relationship between the pressure loss and the flow field.
EXPERIMENTAL APPARATUS AND PROCEDURES

Materials
CTAB/NaSal aqueous solutions were prepared by adding CTAB and NaSal to ion exchange water (IEW). Table I shows the data of test fluids, where temperature was kept at approximately 25 °C. Figure 1 shows a schematic diagram of the experimental apparatus. Pressure losses ∆P were measured using a pressure transducer through two pressure holes set up at the upstream and downstream side. In reality, ∆P fluctuated with time as shown in Fig. 5 , and the fluctuations were mostly in the order of ±10 % but seldom rose ±24 % of ∆P. Then, the mean value of the measured data for 120 seconds was adopted as ∆P.
Pressure Loss
Experiments were carried out more than 2 times under every condition. Reproducibility of the data was usually good, but rarely the error reached 27 % of ∆P. Test fluids were stored in a reservoir and supplied by a syringe-type pump, made to flow with various velocities, and discarded. where ∆P′ is the pressure difference measured between the measuring distance L.
FLOW VISUALIZATION
Visualization of the flow field was carried out to investigate the correlation between the pressure loss and the flow field. An argon laser sheet was cast from the upper part of the channel to visualize the flow field. The flow field in the rear of the slot was usually shadowed, and then especially brightened by reflecting the light with an oblique mirror placed at the end of the channel. Powder of a synthetic resin with density nearly equal to that of water was used as a tracer. Pictures were taken with the exposure time set to 8 s. Table I . Test fluids in this study. Fig. 1 . Experimental apparatus.
(1) and hollow diamonds expressing Ψ = 7.7 are seen to collapse in the figure. Furthermore, the result can be roughly classified into four types of flow curve depending on Ψ: the first type is Ψ = 0.5 (pentagons and hexagons), the second type is Ψ = 1 (triangles), the third type is Ψ = 4 (circles) and 7.7 (diamonds), and the fourth type is Ψ = 2 (squares) and 10 (inverse triangles).
With regard to the first type (Ψ = 0.5), as wormlike micelles are not formed completely because of lack of salt, 6) it is thought that the flow curve of this solution is not correlated with Γ s .
Next, close examination of these flow curves from the second to the fourth type revealed that they have three characteristic regions (see Table II . That is, the curves of the second region for both Ψ = 4 (circles) and 7.7 (diamonds) in Fig. 3 have a large slope beginning at the first bending point (Γ s = 4∼6) and ending at the second bending point (Γ s = 11∼25). Similarly, both Ψ = 2 (squares) and 10 (inverse triangles) have a large slope ranging form the first bending point (Γ s = 13∼30) to the second bending point (Γ s = 42∼49). In the case of Ψ = 1, we see only the second bending point at about Γ s = 2 (see Fig. 3-1) . If ∆P is measured in the region of Γ s lower than 1, it is thought to have two bending points and all whole three characteristic regions.
Next, it should be noted that the slopes of all the lines of the second region for three types (Ψ = 1, Ψ = 4 and 7.7, and, Ψ = 2 and 10) show almost the same value, and the third region (III) is expressed with one line for all of the above three types independent of Ψ. Therefore, we suppose that flow-induced structure (FIS) is generated and developed in the second region for each type and reaches the final state in the third region. As the fluid properties, such as viscosity, are related to the gradient of ∆P against the strain rate, it is postulated that the same First, the data in the first region coincided with those of IEW.
That is, the data for Ψ = 7.7 and 10 in the first region (I) exist on the line of IEW. Second, ∆P in the second region is not correlated with Γ s but differs according to the slot height, whereas those in the first (I) and third (III) are functions of Γ s , which is the same as in the case of C d = 3×10 −2 M. Third, the increase in ∆P generated in transition from I to III through II is remarkable: ∆P in region III is two or three orders of magnitude higher than that in region I. We postulate that a considerable FIS occurs in elongational flows for this type of dilute CTAB/ NaSal aqueous solution. In addition, we carried out the experiment for Ψ = 26, and found similar data coinciding with those of water as for Ψ = 0.5 in Fig. 3-2 (data not shown). Figure 6 shows the shear stress τ w in capillary flow for where m and n are estimated from the data in Fig. 6 using the relationship expressed as:
Capillary flow
In the case that n is unity, m is the viscosity and Re * becomes
Reynolds number (Re). As shown in Fig. 7 (e.g., for C d = 3×10 Table III for both concentrations. 
Flow Visualization
CONCLUSIONS
In the present study, the mean pressure loss ( 
